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To  obtain  objective  data  that  Trill  provide  specifications  for 
optimum  legibility  of  aircraft  tachometer  dials. 

ons  and  Recommendations: 


ous  modifications  of  the  Type  Jp-10  tachometer  dial  have  been  com- 
the  accuracy  'ith  wh-ch  they  can  be  road  during  brief  exposures, 
consistent  in  demonstrating  that  the  dial  without  subdivisions 
o fowerrerrors  than  dials  v;ith  one  or  four  subdivision  lines, 
o indicate  that  the  small  numbers  of  the  Typo  E-10  tachomotcr  dial 
7Q  the  accuracy  with  which  this  dial  can  be  read.  Thera  differences 
: dial  with  the  small  numbers  tends  to  be  inderior  to  the  more 


B recommendations  of  a standardized  tachometer  dial  will  be  drawn 
ti on  of  measuromonts  with  cortcin  now  experimental  dials. 


c.  It  i-  recommended  that  the  material  of  this  investigation  bo  brought  to 
the  attention  of  individuals  responsible  for  establishing  specifications  of  air- 
craft instrument  dials. 
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Report  No.  1 

1.  Title:  Legibility  of  aircraft  instrument  dials:  The  relative  legi- 

bility of  tachometer  dials. 

2.  Object:  To  obtain  objective  data  that  will  provide  specifications  for 

optimum  legibility  of  aircraft  tachometer  dials. 

5.  Conclusions  and  Recommendations: 

a.  Various  modifications  of  the  Type  $-10  tachometer  dial  have  been  com- 
pared as  to  the  accuracy  with  wh'ch  they  can  be  read  during  brief  exposures. 

£he  data  are  consistent  in  demonstrating  that  the  dial  without  subdivisions 
givos  riso  to  fewer'  errors  than  dials  r;ith  one  or  four  subdivision  lines. 

Hie  data  also  indicate  that  the  small  numbers  of  the  Typo  E-10  tachometer  dial 
do  not  improve  the  accuracy  with  which  this  dial  can  be  read.  ‘There  differences 
do  arise,  the  dial  with  the  small  numbers  tonds  to  be  indorior  to  the  more 
simple  did. 

b.  Final  recommendations  of  a standardized  tachometer  dial  will  be  drawn 
UP  upon  completion  of  measurements  with  cortain  new  experimental  dials. 

c.  It  i • recommended  that  the  material  of  this  investigation  bo  brought  to 
the  attention  of  individuals  responsiblo  for  establishing  specifications  of  air- 
craft instrument  dials. 

Report  by: 

/s/  ROGER  E.  LOTJCKS,  Ph.  D. 

Approved: 


/s/  ARTVUR  w.  MELTON,  Lt.  Col.,  PG. 
Approved  j 

/s/  PaUL  A.  CANFrELL,  Lt.  Col.,  MCT. , 
Director  of  Research. 

Approved : 


/s / EUGEF  G.  HEINARTZ , Brig.  Gon.,  US/.., 
Commandant. 
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This  Is  the  initial  report  in  a series  of  studies  designed  to  establish 
the  specifications  for  optimum  legibility  in  various  types  of  airoraft  dials. 
The  criteria  of  legibility  usod  in  this  prcjoot  aro  based  upon  the  acouraoy 
with  which  a sorios  of  pointer  settings  con  bo  road  during  brief  oxposuros  of 
the  dial*  If,  for  example,  subjects  males  fewer  mistakes  in  reading  one  of  a,- 
pair  of  similar  airoraft  instruments  during  brief  oxposuros,  that  dial  is 
considered  to  bo  the 'meet  legible* 


. It  is  recognized  thrk**»  di«a^*XUhMgWte«  the  fsmtb  errors  for-ivriof- 
oxposuro  readings  is  not  necessarily  the  one  which  will  moke  petftffble  tho  ' 
most  precise  readings  were  the  eubjeot  to  h«vo  unlimited  time*  There  are 

very  fbw  airoraft  instruments,  however,  which  must  be  road  with  great  pro- 
ds ion*  It  appears  from  interviews  with  pilots  that  those  characteristics  of 
a dial  ahloh  facilitate  speed  and  aoouraoy  in  reading  are  more  important  than 
those  which  make  possible  extreme  precision.  In  ftxot,  there  seems  to  bo 
general  agreement  that  an  experiopodd  pilot  reads  many  of  his  instruments  by 
the  diraotional  position  of  tho  noedlo  palmer  than  by  verbalizing  a numerical 
value.  This  does  not  minimize  the  imp  or  taboo  of  providing  dials  of  maximum 
legibility  for  tho  less  experienced  pilot  and,'  particularly,  fbr  otudonts  in 
transition  ti*aining. 
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> Considoring  tho  faot  that  a depot  iffljpt  keep  on  hand  more  than  a thousand 
different  dials  for  tho  panel  ins  tram  cats  of  airoraft,  it  is  ovident  that 
standardization  would  inevitably  lead  to  a significant  increase  in  officienqy 
and  saving  of  manhours  in  ths  related  maintenance  departments*  If  an  effort 
is  made  to  bring  about  a policy  of  standardization,  it  w ould  appear  self- 
evident  that  the  first  consideration  should  bo  that  of  maximum  legibility* 

In  order  to  detemino  what  dials  c,ro  most  loglblo,  it  would  soon  that  the 
soundost  basis  of  evaluation  is  to  establish  comparativo  norms  based  on 
actual  porformanoe  in  reading  thoso  dials  under  controlled  conditions* 

Tho  order  in  whioh  various  typeq  of  dials  are  being  studied  in  this 
project  has  been  determined,  in  part,  by  tho  availability  of  oortcin  dials* 

Of  those  dials  whioh  it  was  foaoible  to  oxtraot  fro®  Air  Corps  Supply,  it 
appear*  that  the  tachometer  dials,  the  manifold  pressure  dials,  and  certain 
compass  dials  of  the  remote  indicator  typo  are  the  meat  promising  items  for 
immediato  study.  This  viewpoint  arises  out  of  tho  following  considerations* 
(a)  Pilots  arc  gonorally  agroed  that  these  are  vory  important  instruments  and 
refer  to  them  frequently*  (b)-Due  to  the  appreciable  number  of  similar  forms 
for  soales  of  comparable  rango,  it  is  possible  to  make  comparisons  vhich  in 
many  oases  constitute  a variation  in  but  one  major  faotor  of  dissimilarity* 
(c)  As  a result  of  the  largo  number  of  divisions  in  those  eoaJoa  it  is 
possible  to  conduct  a strictly  quantitative  comparison  of  the  relative  legi- 
bility of  two  comparable  dials.  Any  general  characteristic  fostering  legi- 
bility whioh  oan  bo  idontifiod  in  those  quantitative  caparisons  may  well  bo 
. applicable,  in  some  degree,  to  instrument  dials  with  uivlsions  that  are  more 
gross,  and  would  sorvo  .as  tho  basis  for  tho  design  of  improved  forma  of  ex- 
s perimentnl  dials*  The.  material  of  this  report  is  restricted  to  evaluations 
V of  certain  tachometer  dials. 


a 


Experienced  pilots  inevitably  becono  very  familiar  with  particular  dials.. 
This  would  tend  to  affect  their  performance  .in  reading  dials  which  are  now  to 
them*  In  consequence,  it  seemed  li’cclv  that  no ive  subjects  ould  provide- ©ore: 
valid  data,  and  the  present  studv  was  Cf-rried  out  on  casets  with,  for  tho 
moat  part,  not  nor*  than  ten.  (10)  hours,  of.  pilot  tte^ning,  . ' ' 

’ The  exposure  apparatus  •fcon'dsts  of  a tiofsonite  penel  sixteen  inches  *(l6l) 
in  width  by*. twenty  inches  (20n)  in  height  ■ >hich  contains  c row  of  four  (4) 
autosyn  .indicators  covered  b-  individual  shutters  (§ee  Fig,  l) . The  center-  . 
lino  of  the  four  (4)  indicators  ife  fourteen  inches  (14 ")  froni  the  base  of  thp 
panel,  anc-  the  dials  are  spaced  thro;  end  three-eighths  inches  (3-3/0") 
center  to  center.  Iho  instrument  penel  wes  supported  on  a desk  directly  in 
front  of  tho  subject  who  was  seated  during  the  test.  The  top  of  the  desk 
was  approcriraetely  thirty-two  inches  (32n)  above  tho  floor,  and  the  front 
"v.  of  ths\  panel  was  two lve,  inches  (12")  from  the  subject’s,  edge^  of^  the  desk. 

A control  box  containing  a battery  of  stepping  switches  made  it  possiblo 
to  present,  automatically,  a scrips  of  one  hundred  and  sixty  (160)  dial 
settings.  The  four  (4)  instruments  we re  exposed  in  an  irregular  .sequenco  so 
thet  the  subicct  could  not  anticipate  with. any  dogree  of  accuracy  which  dial 
was  to  be  read  on  a particular  trial',  .’.The  control  mechaniym  shifted  the  hand 
or  pointer  , of  on  instrument  just  bcf.oro  the  shutter  exposed  tho  dial.  The 
sorieff.-of  dial  settings  were  arranged  in  a counterbe lanced  or  *h  » “A" 
order  so  that  the  factor  of  loarning  Mould  tend  to  be  equated  for  the  various 
• dials.  ’ ' " ‘ . ‘ 

Before  a cadet  res  tested  on  a pa;  ticular  group  of  four  (4)  instruments 
he  was  allowed  to  study  the  dial's  for  several  minutes  while  boing  boabbod  on 
th  ranrnor  in  which  tho  dial  settings  vor  to  be  tad.  The  first  twelve  (12) 
settings  in  the  series  of  one  hundred  and  sixty  (160)  trials  constituted  a 
preliminary  practico  series.  For  this  preliminary  period  the  time  interval 
switch-  was  set  so  that  occh  exposure  ws  four  (4)  seconds  in  length,.  During 
this  practice  series  the  subjects  wr.  corrected  for  any  error  in  naming 
’ thie  scalo  units.  The  next  sixty-eight  (68)  trials  constituted  the  first 

portion  of  the  test  proper. . These  trj  r.ls  were  given  with  an  exposuro  interval 
Of  1.5  seciShds.  ••  •The  last  portion  of  the  te  st,  trials  eighty-ortd  *(81^  through  ' J 
one  hundred  and  sixty  (160) , were. given  with  an  exposure. of  .75  seconds,  SUc- 
ccssivo  trials  were  administered  ct  r rate  of  ten  (10)  per  minute,  or  onb  (l) 
exposure:  every  six  (6)  seconds.  This  rate  remained  constant  throughout  all 
portions  of  the  experiment  regardless  of  the  length  of  tho  actual  exposure 
i tsc  If  The  subject  rood  the  dial  retting  into  a microphone  arc  the  operator 
outside  the  experimental  room  recorded  the  reeding.  No  subject  was  usod  for 
more  then  one  (l)  comparison  or  was  g:;vcn  more  than  one  hundred  nns  sixty 
•.  (160)  trials.  ' 

In  measuring  the  legibility  of  various  dials,  the  tvo  (2)  instrument, 
frees' to  bo  compared  wore  always  plapcd  in  the  central  positions.  Instrument  • 
frees  which  were  dissimilar  fron  the  dials  being  compared  were  placed  in  the 
outside  positions  in  order  to  force  the  subject  to  identify  the  unit  of  the 
scclo  he  was  reeding  os  well  as  .the  numerical  value  of  the  setting. 


After  many, weeks  of  preliminary  investigation  and  tho  rurrwng  of  experi- 
mental controls, - the  following . points  emerged 'as  precautions  that  should  be 


obsorvod  in  ord^r  that  differences  could  be  justifiably  ascribed  to  certain 
characteristics  of  bhc  dials,  fter-  'so,  rather  than  "to' "the  dial  posti'ori,  the  con- 
figuration of  the  four  (4)  dial's j ''or  f actors  'in  the  general  experimental  routine, 

a.  The  two  (2)  central  dials  o ing  compared  should  hev-  an  equal 
number  of  even-division  cr  '•easy1*  readings.  That  is  to  s ; y , if  one  of  the 
two  (2)  dials  is  given  a large  number  of  even-division  settings  end  the 
• other  dial  settings  fell  largely  at  mid-division  points,  e difference .may 
appear  which  is  an  artifact  of  "the  inequality  in  the  two  (2)  serios  of 
settings. 

b.  If  the  two  (2)  terns  1 dials  are  markedly  dissimilar,  one  (1)  of 

the  two  (2)  central  dials  may  have  a certain  d-  grec  of  edvantago  over  the 
other.  Ibis  docs  not.  scorn  to  bo  : ntircly  a positional  relationship  nor 
is  it  a clear  cut  effect  of  series  position.  Both  factors  appear  to 
create  differences  in  tiie  accuracy  of  reading  the  two  (2)  central  dials 
which  mav  mask  true  but  slight  differences  in  tho  legibility  of  the  pair 
of  instruments  being  evaluated, 

c.  Reflections  from  tho  glass  covers  of  the  ins turmonts  should  be 
eliminated  if  tho  true,  differences  in  difficulty  of  the  dials  themsclvos 
is  to  bo  measured.  In  certain  comparisons  it  has  boon  found  advisable 
/to  telco  readings  of  tho  dial  settings  when  tho  glass  covers  have  boon  re- 
moved from  tho  instruments  in  order  to  insuro.  that  rof locations  wer^  com- 
pletely. eliminated. 

d.  Calibration  readings  should  bo  token  by  trained  observers  at  each 
test  session  to  establish  tho  true  values  of  the  dial  setting  s. 

Comparison  lumber  1. 

Tachometer  veLth  four  (4)  mid-division  linos  vs.  tachometer  with 

no  mid-division  line.. 

Figure  2 shows  full  scale  photographs  of  the  two  (2)  tachometers  which 
were  used  in  this  comparison.  A major  differ  nee  between  the.  two  i2)’  scales  is 
that  Dial  No.  1 (no  type  designation)  has  four  (4)  short  mid-division  lines  in- 
dicating the  twenty  (20)  R.F.M.  points  on. the  scale,  whereas  Dial  No.  2 (type 
E-10  modified)  which  originally  had  single  mid-division  lines  for  the  fifty 
|50)  ,R.P,f\  points  has  had  these  .markd  .obscured  with  flat -block  . paint.  Tho 
accompanying^ photographs  were  taken  under  direct  and  intenso  lighting  of  the  . 
dial,  whon  these  dials  v.-cr^-  mounted  on  the  rutosyns  in  the  exposure  cppar.'tus, 
the  only  lighting  wa  from  a coiling  fixture  directly  above  the  instrument  • • 
panel.  Under  actual  tc.=  t conditions,  throfore,  the  flat  black  paint  used  to 
obscure  the  mid-division  marks  of  Dial  No.  2 was  barely  perce ->tiblo.  Subjects 
were  r. quired  to  read  both  tec  home  ters  to  the  nearest  twenty  (20)  R.P.M.  Only 
the  right-engine  pointer  moved,  the  left-engine  pointer  was  fixod  at  tho  base  of 
the  scale, 

* 

Twenty-eight  (28)  subjects  were  run  on  this  comparison  resulting  in  a total 
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of  of  four  hundred  end  seventy-six  (476)  readings*  with  an  exposure  time  of 
1.5  seconds  and  five  hundred  and  sixty  (560)  judgments  with  an  exposure  time 
of  .75  seconds.  The  rospoctivo  pc rcontages  of  error  are  shown,  just  below. 


Dial 

Exposure 

Errbr 

No.  1 (4  midlinos) 

1.5  seoends 

465?  ) 

No.  2 (Np  midlino) 

1.5  seconds 

345«  ) 

No.  1 (4  midlinos) 

.75  seconds 

W ) 

No,  2 (Ho  midlino) 

.75  seconds 

W ) 

T -value  showing  signifioanoo  of 
• difference  in  two  percentages. 
307  Clearly  significant 

ab  the  1%  level. 

3.43  Cloarly  significant 

at  tho  V/*  lovol. 


Eighty-two  (82/0  peroont  of  tho  subjects  proforred  tho  dial  with  no  mid- 
division  lines.  Fourtoon  (ll$)  percent  of  tho  subjects  preferred-  tho  dial  with 
four  (4)  midlines.  The  r>mainder  expressed  no  preference. 


Thoso  data  cloarly  indioato  tjaat  the  dial  without  any  mid-division  lin.q 
is  more  legible  than  tho  dial  with  four  (4)  midlijiss...  ^ho  majority  of  tho 
subjects  expressed  a proforonco  for  tho  <nope  simple  dial. 

In  addition  to  tho  major  difforenco  botwoon  Pial  No,  1 and  Dial  No.  2, 
namoly,  tho  presence  of  mid-division  marks,  there  &ro  two  minor,  difforencos 
which  might  bo  considered  briefly  in  evaluating  the  superiority  of  ono  dial 

over  tho  othor.  Dial  N0.  1 has  slightly  larger  figures  then.  Dial  2. 

This  factor  mnv  not  be  of  any  practical  significance  but  in  any  oaso  it  should 
oporato  in  favor  of  Dial  No.  1 which  wus  demonstrated  to  bo  inferior.  A 
further  point  of  difference  eftn  bo  observed  by  examining  the  extremities  of  the 
scale  for  Dial  No.  1.  Tho  fLguro  thirty- fivo  (35)  is  so  near  tho  thirty- 
fourth  (34th)  division  mark  thnt  it  may  provo  confusing.  At  tho  othor  and  of 
tho  No.  1 scale,  tho  zoro  mark  imposos  a spooial  scale'  for  values  under  four 
hundred  OsCO)  R.P.M,  To  obviate  thoso  complications  tho  dial  sottings  woro 
solectod  so  as  to  oxoludo  any  readings  abovo  thirty-four  hundred  (3/fDO)  and 
bolow  four  hundred  (400). 


* Notoj  Tho  tost  series  consisted  of  sixty-oight  (68)  readings  at  1,5  seconds 
exposure  (following  the  twolvo  (12)  preliminary  readings)  and  oi$rty  (80)  , 

readings  rt  .75  seconds  exposure.  Tho  readings  wore  dividod  oqually  among 
four  (4)  dials  so  that  ton  (-10)  subjects,  for  oxamplo,  would  give  a total  of 
only  one  hundred  and  oovonty  (170)  long-oxpo3uro  readings  on  the  contral  dials 
which  woro  boing  compared  and  two  hundred  (200)  short-oxposurc  readings  for 
oach  of  tho  same  dialG. 


Comparison  Number  2; 

Tachometer  (S-10)  with  onO  (l)  midline  unchanged  vs;  tachometer  (E-1CJ) 
with  midlino  obscured.  Small  numbors  arc;,  left  ihtaot  pn  both  dials* 

•,  ■■ 

Twonty  (20)  subjoots  were  run  on  this  comparison  loading  to  a total  of 
tliroo  hundrod  and  forty  (3J.+0)..  randinga  •vjith.  oia  oxposuro  time  of  1*5  soconds 
and  four  hundrod  (ItOO)  readings  with  oh'oxpbsUro  timo  of  .75  soconds.  kubjocts' 
woro  required  to  read  both  tabhooib’tors  to  tho  .noarpet  fcwonty  (20)  R.P.H.  Only 
tho  right-angina,  pointor  changed  position, during  tho.,  series,  Thb  respective'' 
porcontagos  of  error  aro  shown  bo  low.  Half  of  tho  sorios  was  r.un»i{i£h  Dial 
Ho*  2 in  tho  loft  control’  position  and  half  with  Dial  Ho.  2 right 
control  position,  This’  is  stqndardsnpiwwodnrPiA^.qd  %n  ii:l ^comparisons of. 
thi si ; i abort,*  ; 


Dial 

No.  2 (E-10  no  midlino) 
No.  3 (3-10  unchanged) 

No.  2 (E-10  no  raid lino) 
No.  3 (3-10  unchanged) 


Exposuro 

. Error 

1.5  soconds 

31>  ), 

1,5  seconds 

3252  ) 

.75  aooonds 

3 W ) 

.75  seconds 

U3.7*  )~ 

T-valuo  indicating  sisniifi* 
canoe. 

,26  No  significant  diffororico. 


2.06  Significant  at  tho  5?°  : 

lovbl. 


Thoro  was  no  oloarcut  profor-hoo  for  either  dial  although  Dial  No,  3 appoarod 
sonvo^diat  moro  popular. 


The  uxporimantol  data  just  abovo  indicate  that, , the' difforonco  between 
dials  was  not  significant  for  tho  longor  oxposuro  period.  f At  tho  shorter 
exposure  interval,  tho  dial  rdth  the  midlino  obscured  oraorgos  as  a somewhat 
GasiGr  dial  to  road  although  the  sizec.  of  the  difforonoo  is  not  as  striking  as 
in  Comparison  Numbozr  1,  It  would  appear,  therefore,  that  for  brief  exposures 
tho  simplor  dial  i^  aemovahst  ocsicr  to  /-oad  than  tho  dial  with  tho  fifty  (50) 
R.P.M.  midlino  mark. 


Comparison  Numbor  3» 


Tachometer  (S~10)  with  midline  obscured  vs.  tachcmotor  (E-10)  with 
midlinc  and  small  numbers  obscured. 

Twenty  (20)  subjoots  wbro  run  on  this  comparison  loading  to  a total  of 
throe  hundred  and  forty  (3I4O)  readings  at  fcho  1.5  soCond  oxposuro  and  four 
hundrod  ( I|Q0)  readings  at  the  ,75  second  oxposuro.  Tho  rospoctive  porcontagos 
of  orror  are  3ho«'n  below;  - • 


Dial  .Exposure 

No.  2 (E-10  no  raidlihe)  1,5  soconds 

No.  U (E-10  no  midlina  or  x*5  seconds 
small  figures)  : . : 


Error  . 
) 

325?  ) 


T-valuo  indicating  signifi- 
cance. 

,56  No  sigrifioant  difforonoo. 


No.  2 (E-10  no  midline)  , .75  seconds 

No.  it  (E-10  no  midlino  or  ,75  seconds 
small  figures) 


1.10  No  significant  effect. 


Those  figures  indicate  that  th-  presence  or  absonco  of  tho  small  numbers 

in  the  3-10  dial,  taken  alone,  producoe  no  stn tistically  ^ignifiohnt  difference 
in  legibility  as  the  term  is  usod  in  this  paper.  :/hateyer  difference  there  is* 
tends  to  favor  the.  more  simple  dial.  Tho  re  ws  no  cion  rent  pro- fo  rone  o for 
eithor  dial  cxp'rcssod  by  the  oadots. 

Comparison  Number  ly. 

Taohomotor  (3-10 ) with  midlino  obscurod  vs.  tachomoter  (3-10)  with 
midlino  and  small  numbers  obscurodi  Subjocts  wearing  rod  *gogglos  while  roading 
dial  settings.  ; 


Twenty  (20)  subjects  woro  run  on  this  comparison  loading  to  e total  of 
threo  hundrod  and  forty  roodings  -.t  en  oxposuro  timo  of  1.5  soconds  and 

four  hundrod  (I4OC)  readings  at  en  exposure  time  of  .75  soconds.  Rod  giggles 
which  cut  down  the  transmission  approximately  seven  (7$)  porcont  woro  worn  by 
tho  subjects  in  ordor  to  do  to  mine  whether  tho  minor  differcnco  found  in 
Comparison  No.  3 would  bo  sustained  undor  conditions  of  diminishod  visibility, 


Dial 


Txposjuro : 


No.  2 (E-10  no  midlino)  1.5  soconds 

No.  I4.  (3-10  no  midline  or  1.3  seconds 
sma  1 1 figure  s ) 


No.  2 (3-10  no  midlino)  .75  soconds 

No,  U (E-10  no  midlino  or  .75  seconds 
smrl  1 figures) 


Error  T-valuo  indicating  signifi- 
cance, 

52/a  ) - 2.10  Significant  at  tho  5$> 

6O/4.  lovol. 


^0/’  ) .29  No  significant  difforunpe. 

6lf.  ) 


A majority  of  the  subjects  preferred  the  simpler  of  tho  two  dials. 


Tho  figures  just  '.oovo  indicate  that  v/hilo  the  subjects  aro  wearing  rod 
goggles  which  diminish  tho  transmission  of  light,  at  tho  1.5  eocond  oxposuro 
the  simpler  dial  is  road  somewhat  more  accuratolv  than  tho  dial  with  tho  small 
figures,  fhoro  is  no  significant  difforenco  botwoon  tho  two  (2)  dials  at  tho 
shorter  oxposuro  period. 

When  the  subjects  were  interviewed  as  to  their  preferences  in  thoao  dials 
a considerable  nunibor  of  them  indicated  that  the  small  numbers  tondod  to  con- 
fuso  th^m.  »/hon  quostionod  farther,  it  awpoarod  that  the  smoll  fibres  tonded 
to  attract  tho  attention  of  the  subjects  and  in  trying  to  dociphor  thorn  they 
woro  slowed  up  in  estimating  tho  position  of  the  dial  hand.  On  tho  basis  of 
those  interviews  the  hypothesis  may  be  advancod  that  when  the  subjects  wore 
v/oaring  rod  goggles  the  visibility  was  so  low  that,  at  the  ,75  second  oxposuro 
tho  small  numbers  had  no  appreciable  distraction  offoct,  and  for  all  practical 
purposes  tho  two  dials  wore  tho  eamo.  At  tho  1.5  socond  oxposure  interval, 
ovon  with  reduced  visibility,  tho  small  numbors  tondod  to  attract  tho  subjects* 
attention  sufficiently  to  inter  fore  with  their  estimating  tho  pointer's  posi- 
tion. In  tho  previous  comparison  (fTo.  3)  whoro  the  same  dials  woro  road  witK- 
out  glassos  tho  visibility 'was  such  that  only  at  tho  short  exposure  v;e s the 
distraction  value  of  the  small  numbers  of  any  appreciable  significance.  'Yhpt- 
evor  the  validity  of  this  hypothesis,  it  may  bo  said  that  any  difforenco  that 
appears  is  in  favor  of  tho  more  simple  dial.  Or  convorsoly,  it  can  be  stated 
moro  positively  that  in  none  of  tho  comparisons  for  oithor  short  or  long  inter- 


vals  have  the  snail  numters  cohtributod  significantly  to  oithor  tho  speed  or 
accuracy  in  roe  ding  tho  E-10  dial. 

Comparison  Numbor  5«  (Control)  • 


Taohomotor  (E-10)  no  raid. lino  or  small  figuros  vs.  thcr  same  dial,  i.c,, 
tachometer  (B-10)  r\o  midline  or  small  figures. 

Forty  (I4O)  subjects  woro  run  on  this  comparison  loading  to  a total  of 
six  nundrod  and  eighty  (680)  readings  at'  an  oxpoeuro  timo  of  1.5  sobonda  and 
eight  hundred  (800)  readings  at  an  exposure  time  of  *75  seconds.  Half  of  the 
subjects  were  run  with  ono  of  tho  identical  dials  in  tho  loft  control  position; 
tho  socond  half  of  tho  group  was  run  with  ono  of  tho  identical  dials  in  the  • 
right  central  position,  . Comparison  Number  5 WRe  institutod  in  order  to  mako 

* * .*  v • -Li*  J.  . / \ r • . * i • • 

sure  that  thorc  was  not  somo  slight  difference  in  two  (2)  dials  qf  the  same . 

sty le  and  form  which  might  lead  to  u minor  but  consistont  difforonco. 


Dial 


small  figuros) 

No.  4 (2-10  no  midlino 
small  fi euros) 

No.  4 (3-10  no  raidiinc 
small  figures) 

No.  1;  (E-10  no  midlino 
small  figures) 

No  preference  was  oxprossod  for  ono  dial  or  position  over  tho  other. dial  or  posi- 
tion. 

The  various  comparisons  which  have  boon  eonsidorod  in  this  papor  can  bo 


Exposure 

Error 

T-valuo  indioating 

signifir* 

..  - 

c&nco. 

or 

1*5  seconds 

23'/t  ) 
)— 

,87  No  significant 

difforonco* 

or 

] .5  seconds 

25/p ) 

•. 

or 

.75  seconds 

19% ) 
)— 

.30  No  significant 

difforanoe. 

or 

.75  seconds 

20%  ) 

summarized  by  stating  that  the  fewer  tho  subdivisions,  tho  simplor  or  ’cloener’ 
the  dial,  the  more  logiblo  it  proves  to  bo. 

As  a consoquonco  of  those  findings  specifications  have  been  drawn  up  for 
four  (4)  experimental  dials  which  constituto  variations  of  tho  E-10  typo  of 
dial.  Thoso  now  forms  will  make  it  possible  to  ostablish,  under  systematic  and 
controlled  comparisons,  the  relative  signifioanco  of  tho  following  factors; 


a.  Legibility  of  main  division  marks  that  arc  half  the  width  of  the 
present  lines  on  the  E-10  dial. 


b.  Relative  legibility  of  division  numbor 3 that  arc  larger  than  tho 
present  figures.  • ’ • 

• c.  Relative  logibility  of  a 3calo  whore  numbers  somewhat  smaller 
than  those  of  the  3-10  dial  are  placed  at  all  main  divijions. 

Arrangements  havo  now  boon  completed  which  make  it  possible  to  nave  the  spa 
dials  mado  up  ct  tho  Kelly  Fiold  engineering  shops  so  that  they  will  conform 


**<p**T«? 
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in  style  and  workmanship  to  the  standard  12-10  dial.  . It  is  plannod  to  tost 
ttyase  dials  undor  ultraviolet  irradiation  as  well  as  conditions  of  reduced 
reflected  light  ao  as  to  dotorinino  the  overall  logibility  of  tho  finor  main 
division  linos  and  othef1 'tnod^.io.Ptions. 

While  those  "dials  and  alternate  forms  for  manifold  prossuro  indicators, 
romoto  indicating  compass  indicators,  and  olimb  indicators  arc  boing  cor- 
structod,  various  stylos  of  instrument  pointors  are  boing  tostod  to  seo  if 
toe  aroa  of  fluorosc.ont  paint’  can  bo  roduood  without  docroasing  the  logibility 
of  the  total  assembly.  These  pointor3  aro  boing  tostod  undor  conditions  of 
ultraviolet  excitation  as  well  as  rofloctod  light. 

Conclusions:  •.  V. 

Various  modifications  of  tho  Typo  3-10  taohomotor  dial  have  boon  compared 
as  to  logibility  at  1.5  sooond  and  ,75  second  oxposuros, 

Tho  data  aro  consistont  in  demonstrating  that  tho  dial  without  any  sub- 
divisions gives  riso  to  fowor  'ortors,  when  road  at  briof  oxposuro  intorvals, 
than  dials  with  ono'  (1)  or  four;  (b)  subdivision.  }.inos-.  r ' f”“  '' 

Specific"  investigation  has  demonstrated  thht  the  small  numbors  of  tho 
E-10  dial  do  not  improvo  tho  logibl lity  of  theso  typos  of  indicator  fhoofl*. 

'Yhoro  differences  do  arise  toe  dial  with  tho  sifiall  numbors  tonds  to  be  in- 
ferior to  tho  more  simplo  dial.. 

Upon  the  basis  of  the  present  findings  four  (U)  now  experimental  dials 
aro  boing  constructed  at  Air  Corps  or.gincoring  shop3  which  will  bo  similar  in 
workmanship  to  tho  standard  3-10  taohomotor  dial  and  will  make  it  possiblo  to 
establish  final  specifications  for  optimum  logibility  as  it  i3  affoctod  by 
width  of  division  lines  and  sizo  of  numerals.  . 

• • * < ' 

Pending  the  delivery  of  those  new  dials;  various  typos  of  indioator  point- 
ors aro  being  tooted  to  soo  if  tho  area  of  luminous  paint  can  bo  diminished 
without  reducing  logibility. 

Final  rooommondutions  of  a standardized  tachometer  dial  will  bo  drawn  "up 
upon  the  completion  of  measurements  ; those  modifications  of  tho  E-10  tacho- 
motor  dial.  Those  measurements  can  bo  carriod  out  in  a short  period  of  time 
as  all  basic  controls,  havo  boon  completed  in  tho  present  study. 

The  prosent  study  has  inoludod  an  investigation  of  dial  pattern  and  the 
influonco  of  rolotivo  difficulty  in  too  spcoific  settings  of  dials  being 
tostod.  'fho  investigation  has  shown  that  those  footors  must  bo  carefully  con- 
trolled if  results  aro  to  bo  ascribed  tc  differences  in  tho  specific  di  als 
boing  comperod  rather  than  to  artifacts  of  tho  general  oxporimontal  set-up 
and  routine,  t • 

Using  toe  gonorol  principle  established  in  this  investigation  that  the 
more  dimple  the  dial,  the  more  legible  it  provos  to  bo,  modified  forms  of  stand- 
ard manifold  pressure  dials,  remote  indicator  compass  dials,  and  climb  indicator 
dials  arc  boing  constructed  so  tho t systematic  comparisons  can  bo  run  which  will 
ultimately  moke  it  possible  to  formulate  specifications  for  maximum  legibility 
in  theso  typos  of  instruments. 


O 


Higur*  2o  Comparison  Humber  1.  Tachometer  with  four  mid-division  line#  vs. 
tachometer  (13—10)  with  mid-line  obscured. 


Dial  Ho.  1 
464  error  at  1.5  sec.  exposure 


(Significant  difference  at  l4  level) 


Dial  Ho.  2 
344  error  at  1.6  tec.  exposure 


44^  error  at  .75  sec.  exposure  344  error  at  .76  sec.  exposure 

(Significant  difference  at  1$  level) 


figure  3.  Comparison  Number  2.  Tachometer  (S-10)  with  one  mid-lino,  unchanged, 
vs.  tachometer  (X-10)  with  mid-line  obscured. 


Dial  Ho.  3 
324  error  at  1.5  sec.  exposure 


Dial  Ho.  2 
314  error  at  1.5  sec.  exposure 


(No  significant  difference) 

414  error  at  .75  sec.  exposure  34 4 error  at  .75  sec.  exposure 

(Significant  difference  at  54  level) 


Figure  4.  Comparison  Number  3.  Tachometer  (1-10)  with  mid-lin®  obscured 
vo.  tachometer  (2-10)  with  mid-line  and  email  number*  obscured. 


Dial  No.  2 
344  error  at  1.5  eec.  exposure 


Dial  No.  4 
324  error  at  1.5  eec.  exposure 


(No  algnif leant  diffterer.ee) 

394  error  at  .75  eec.  exposure  35 > at  .75  eec.  exposure 

(No  significant  difference) 


Comparison  dumber  4.  Dials  as  in  Comparison  Number  3 but  cubjects 
nearing  red  goggles  that  cut  transmission  of  *bt  7^. 


Dial  No.  2 D<Sr\  No.  4 

52$  error  at  1.5  sec.  exposure  S04  error  at  1 .5  sec.  exposure 

(Significant  difference  at  lent'.) 


60^  error  at  .75  sec 


exposure  614  error  at  .76  ,«c.  exposure 

(No  significant  difference) 


Comparison  Number  5.  'Tachometer  (2-10)  no  mid-line  or  small  figures 
▼s.  tachometer  (3-19)  no  mid-line  or  small  figures.  (Oontrol) 


Dial  No.  4 Dial  No.  4 

254  error  at  1.5  sec.  exposure  234  error  at  1.5  sec.  exposure 

(No  significant  difference) 

204  error  at  .75  sec.  exposure  194  error  at  .75  sec.  exposure 

(No  significant  difference) 
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